Manufacture of lime bast cordage in northern Europe has been an unbroken tradition from the Mesolithic (9000-3000 BC ) to the present day. The cordage was usually manufactured by stripping off the bark of lime trees in midsummer, submerging it in water to dissociate the adjacent bast layers, and then peeling off the outer bark and separating the bast layers in narrow bands. The bast bands were then spun to make cords, which in turn were twisted to cordage. Lime bast cordage is characterized by pliability, low specifi c weight, low extensibility and limited water absorbance. While the strength is superior to bast cordage of other European trees, particularly in wet conditions, it is susceptible to wear, has less strength than cordage of hemp and nylon, for example, and requires laborious manufacture. The skills required for making lime bast cordage are rare at present, but increased interest in natural fi bre products might safeguard and revitalize the craft for the future.
Introduction
Cordage is usually associated with ropes made of fi brous material (cf. Schjølberg, 1988 ) , but the term also includes wires and synthetic lines and hawsers, especially with reference to rigging and maritime application ( Webster's Encyclopedic Unabridged Dictionary of the English Language , 1989; Gramercy Books, New York) . From prehistoric time up to the present day cordage has been a lifeline to self-support and cultural development. Cordage was one of the fi rst and most important tools of Stone Age man as it was crucial for fi shing and construction of traps. Later, cordage paved the way for ploughing, sailing and artifi cial irrigation, which are all important milestones in the technological history of man ( Guilbert, 1965 ; Wahlbeck, 1991 ) .
Historically, cordage has been produced from a wide variety of plant fi bres, and in northern Europe a surprising number of native species have been used, including mosses, grasses, heather, birch, willow, hazel, beech, yew, pine and spruce. Plant parts such as leaves, shoots, roots or manufactured parts of wood and bark have all served as raw material for cordage ( Hanssen and Lundestad, 1932 ; Olofsson, 1936 ; Ingeborn, 1986 ; Schjølberg, 1988 ) . But it has been the bast layer of certain species which provides the unique combination of volume, strength and pliability, with lime, elms, oaks, juniper and willow as the main sources. Due to its superior strength, lime has been by far the most important of these sources in Europe ( Granlund, 1943 ; Dimbleby, 1978 ; Schjølberg, 1988 Schjølberg, , 1990 .
Anatomically the bast is a component of the secondary phloem of the trees, the vascular tissue between the dead outer bark and the xylem. The primary function of phloem is transport of assimilates and nutrients. The phloem is composed mainly of sieve tubes, parenchyma and sclerenchyma cells. The sclerenchyma cells form dead strengthening tissue which consists of short sclerids and long lignifi ed fi bres with thick cellulose walls ( Figure 1 ). The bast is composed mainly of fi bres, although sclerids are also involved ( Schütt, 1972 ; Dimbleby, 1978 ) . In contrast to the other phloem tissue components, the bast does not take part in the processes of conduction ( Dimbleby, 1978 ; Taiz and Zaiger, 1998 ) . In lime, the bast grows in 10-12 successive layers, more or less separated by softer layers of vascular tissue, with the most recent and smoothest part of the bast layer near the wood and the coarsest part near the outer bark. Bast from trees more than 15-20 years old is generally coarse, stiff and less durable than bast from young trees and branches 10 years old or less, but bast quality is also infl uenced by the growing conditions of the lime trees ( Schjølberg, 1988 ; Nedkvitne and Gjerdåker, 1997 ) .
In Norway, lime was highly valued and until recently has been one of the most important sources of fi bre. In addition to cordage, lime bast served as raw material for domestic production of fi shing nets, bags, lobster pots, indoor shoes and paper. Lime bast was also used for weaving, grafting and even for holding hull planks together in wooden vessels in prehistoric times, 335 AD ( Hanssen and Lundestad, 1932 ; Granlund, 1943 ; Høeg, 1974 ; Myhre, 1980 ; Schumacher, 1993 ) . Lime bast has thus played a vital role in the previous small-scale fi shing industry and agriculture in rural areas. The high demand even caused local over-exploitation of lime ( Hanssen and Lundestad, 1932 ) .
The aim of this paper is to draw attention to lime bast cordage as a non-wood forest product with great importance in northern Europe over thousands of years and right up to recent times, by briefl y reviewing its history, manufacture and properties. The recent increasing interest in Figure 1 . Bast consists of sclerids and fi bres, of which the fi bres are the major component (from Esau, 1977 ) . natural fi bre products might enhance the demand for lime bast cordage and revitalize a craft that has been in decline for several decades. Throughout the paper the term bast cordage refers to lime bast cordage.
History
Lime was used as a source of bast in northern Europe as soon as the species had established in the post-glacial sequence of northward migration ( Dimbleby, 1978 ) . The art of cordage manufacture appears to have been fully developed in northern Europe at least in the Mesolithic (9000-3000 BC ), and has an unbroken tradition right up to the present day ( Guilbert, 1965 ; Schjølberg, 1988 Schjølberg, , 1990 Nedkvitne and Gjerdåker, 1997 ) . The craft was initially developed by nomadic hunter-gatherers, and grew to meet an increased need for cordage, probably associated with subsequent early farming cultures ( Schjølberg, 1988 ) . The fi rst fi nds of cords based on lime bast date back to the Maglemosian culture, the earliest Mesolithic culture in northern Europe ( Dimbleby, 1978 ) , indicating that it was a very early raw material for cordage (cf. Guilbert, 1965 ) .
Cordage made of lime bast is mentioned as common trade goods in the oldest Norwegian historic recordings, such as the Egil's saga from about AD 950 ( Hanssen and Lundestad, 1932 ) . Production of cordage based on lime bast has been documented in Finland, Russia, Poland, Germany, Sweden, Norway and the Baltic countries ( Granlund, 1943 ; Schjølberg, 1988 Schjølberg, , 1990 Nedkvitne and Gjerdåker, 1997 ) . Bast cordage has also been found in archaeological excavations in Denmark, both at Haitahbu ( Schjølberg, 1988 ) and in Viking ships from about AD 1000 in the fjord of Roskilde ( Wahlbeck, 1991 ) . In Sweden it was made in at least 50 places in the southern part of the country ( Granlund, 1943 ) , and in Norway it was probably made on any farm where lime trees were available ( Nedkvitne and Gjerdåker, 1997 ) . The most important excavations that include bast cordage are possibly the Norwegian Viking ships Osebergskipet and Gokstadskipet. The Oseberg burial is dendrochronologically dated to AD 834, Gokstad to shortly after AD 900 ( Bonde and Christensen, 1993 ) . The site of the German Wharf, Bryggen, surrounding the harbour in Bergen, Norway, was excavated in 1955 and revealed ~700 remains of medieval cordage. Interestingly, lime bast cordage accounted for 83 per cent of the bast fi nds (and 56 per cent of all cordage fi nds), and this is believed to be fairly representative of actual use in that region. Fragments of such cordage were found in layers until a fi re in 1702, but 90 per cent of the fi nds belonged to layers in the period before an earlier fi re in 1332. No hemp cordage remains were found in any of the layers ( Schjølberg, 1988 ( Schjølberg, , 1990 .
Due to the high demand for bast cordage and the patchy distribution of lime, bast was commercially traded until the late 19th century. In western Norway bast cordage was mainly produced in rural areas and sold to city dealers. In Bergen, for example, it was sold in four thicknesses ( Schjølberg, 1988 ) . Some sources indicate export to England during medieval times (cf. Høeg, 1965 ) . During the days of sailing ships, demand for lime bast cordage was particularly high, and cordage making was an industry in many places rich in lime ( Nedkvitne and Gjerdåker, 1997 ) . It was used for mooring ( Schjølberg, 1988 ) and for the complete rigging of small wooden vessels ( NHU, 1988 ) . In larger vessels it was used in the standing parts of the rigging, demonstrated by the fi nding of remains in the rigging of Gedesbyskipet , a medieval vessel excavated in Lolland-Falster, Denmark (O. Magnus, personal communication), and corroborated by the fi nding of a whipped loop construction from Bryggen in Bergen ( Schjølberg, 1988 ) . Its use for the running parts of the rigging in large vessels is more uncertain due to susceptibility of wear ( Christensen, 1969 ) . Despite the introduction of hemp cordage to Scandinavia during the fi fteenth century, bast cordage retained its popularity in fi shing and agriculture in Norway ( Schjølberg, 1988 ) , Sweden and the Baltic countries ( Granlund, 1943 ; Nilson, 1961 ) . The particular properties associated with bast cordage, such as pliability and limited water absorbance, are assumed to be the reason for this preference ( Schjølberg, 1988 ) .
In more recent times, the demand for cordage based on lime bast has varied. For example, in Sweden since the 1870s ( Granlund, 1943 ) demand has been modest. In the western fjords of Norway it was made for domestic use during the entire twentieth century ( Hanssen and Lundestad, 1932 ; Nedkvitne and Gjerdåker, 1997 ) , and the skill enjoyed a renaissance during World War II when normal trade goods were not available Nedkvitne and Gjerdåker, 1997 ) . In the east Baltic areas, lime bast products have been made on an industrial scale right up to recent times ( Nilson, 1961 ) .
Silviculture of lime trees for bast
The bast was usually obtained from young lime trees or from thicker branches of older trees that were pollarded or coppiced, resulting in new straight shoots. The high stump prevented the new shoots from being browsed by deer and cattle. Lime trees can tolerate drastic cutting; cultivated trees that yielded the best bast ( Høeg, 1974 ) were re-cut every 5-10 years and produced a bast layer ~2 mm thick ( Schjølberg, 1988 ) . Over the years, with many cycles of re-cutting and growth, these trees developed a characteristic appearance with a thick stump, comparatively thin branches and dense crown. In lime forests cultivated for bast production trees were carefully spaced to give good conditions for growth ( Hertzberg, 2000 ) . Trees on moist sites were said to produce the toughest bast ( Nedkvitne and Gjerdåker, 1997 ) .
Bast manufacture
There were three principal ways of obtaining the bast ( Granlund, 1943 ; Schjølberg, 1988 Schjølberg, , 1990 Nedkvitne and Gjerdåker, 1997 ) . Usually the trees or branches were cut in early summer, some weeks before summer solstice, when the leaves had just grown to full size. The bark was stripped off the wood and submerged in freshwater or seawater for 4-6 weeks for retting, a process during which the pectin and lignin components of the associated soft tissues (sieve tubes and parenchyma cells) degraded due to bacterial decay. This caused a separation of the individual bast layers, and released the bast from the outer bark ( Dimbleby, 1978 ; Ruys et al ., 2002 ) . When the retting was fi nalized, the bast was peeled off the bark in long paper-thin bands ( Figure 2 ) , and the outer bast layers were separated from the stronger and more pliable inner bast to distinguish the different qualities ( Granlund, 1943 ; Nedkvitne and Gjerdåker, 1997 ) . Submergence was necessary for softening the bast, but the retting partly delignifi ed and thereby weakened it. This was most pronounced in freshwater so seawater was preferred if available. The speed of retting depended on the temperature of the water, and a warm summer could speed up the process to a few weeks ( Hanssen and Lundestad, 1932 ; Schjølberg, 1988 ) . If whole tree segments were submerged, the retting was slower and therefore required more time ( Hanssen and Lundestad, 1932 ) .
A second way of obtaining bast was to release it in early spring (during the ascent of sap) when it could be freed from the outer bark without prior submerging. A third way was to cut the trees in winter and subject them to warm smoke in chimney-less stoves for 24 h. The latter two techniques, without retting, produced strong but stiff bast that could be spun to form cords without further treatment ( Hanssen and Lundestad, 1932 ; Nedkvitne and Gjerdåker, 1997 ) .
The preferred way of obtaining the bast was dependent on time available to the farmers and which cordage quality they needed. Usually it was produced with retting, and tree cutting was scheduled after haymaking as this was a less busy time for farmers than early spring ( Nedkvitne and Gjerdåker, 1997 ) .
The next step was spinning of the bast to cords, the primary element of the cordage ( Figure 2 ) , and in turn the cordage was made by twisting the cords together. The most usual construction consisted of three 3-4-mm-thick cords (three-plied) twisted counter-clockwise, as shown in Figure 2 ( Schjølberg, 1988 ; Nedkvitne and Gjerdåker, 1997 ) . Excavations from Bryggen in Bergen reveal, however, that lime bast cordage has been made in all dimensions, from thin and slender two-plied cordage of 6-mm to 70-mm-thick fourplied cordage. Cordage could also be supercoiled to make cables; these consisted of two or more strands of cordage each made up of two to eight cords, twisted together to form a much stronger product up to 160 mm thick ( Schjølberg, 1988 ) . These techniques and crafts enabled the production of a wide range of qualities in softness, thickness and strength, depending on processing and purpose. Manufacture of bast cordage was very laborious. A huge amount of lime was re quired to cope with the annual cordage requirement on a farm, and any surplus produced would be sold ( Nedkvitne and Gjerdåker, 1997 ) .
Properties and perspectives
The selection of cordage by farmers and fi shermen was probably determined by practical aspects such as suitability, availability and price. The success of bast cordage relates to the particular environments in which they were used and a unique combination of qualities rather than one or two outstanding individual properties. The high strength of lime bast compared with bast of other species, such as juniper, elm or oak ( Dimbleby, 1978 ; Schjølberg, 1988 ) , may be associated with the fact that lime does not form reaction wood. The strong tension bast in lime, particularly on the upper side of the branches, may thus be considered an equivalent to the reaction tissues in other species ( Böhlmann, 1971 ). Yet the strength of bast cordage is modest compared with commercial natural fi bre cordage such as hemp and manila and synthetic cordage such as nylon ( Table 1 ) . (Hoeg, 1974; Nedkvitne and Gjerdåker, 1997 ) . ¶ Kipping (1928 ( Table 1 ) . Some sources indicate that bast cordage was especially strong when used in water ( Schjølberg, 1988 ; Nedkvitne and Gjerdåker, 1997 ) . Interestingly, this was confi rmed in a recent test, showing that the breaking load increased by about 47 per cent from dry to wet conditions ( Troset and Aunrønning, 2003 ; Table 1 ). Lime bast cordage is resistant to decay ( Høeg, 1974 ) . Water absorption is marginal ( Høeg, 1974 ; Nedkvitne and Gjerdåker, 1997 ) which is a crucial factor for releasing knots. Limited swelling and low weight ( Table 1 ) meant that the cordage fl oated well and made it ideal for use in fi sheries ( Schjølberg, 1988 ; Gjerdåker and Nedkvitne, 1997) . Due to the retting, it was also softer to handle ( Schjølberg, 1988 ) and probably superior in this respect to all contemporary alternatives. This softness might have been appreciated in earlier non-industrialized agriculture which included a substantial amount of manual work without the protection of working gloves. The low extensibility of bast cordage reported in the literature (cf. Nedkvitne and Gjerdåker, 1997 ) has recently been verifi ed ( Troset and Aunrønning, 2003 ) ( Table 1 , cf. nylon), a property that was highly valued during the days of sailing ships ( Nedkvitne and Gjerdåker, 1997 ) . The combination of all these qualities may explain why lime bast competed successfully with hemp for about fi ve centuries (Schjølberg, 1998; Nedkvitne and Gjerdåker, 1997 ) . On the other hand, the low resistance to wear ( Hanssen and Lundestad, 1932 ; Schjølberg, 1988 ) , laborious manufacture and continued competition from hemp ( Schjølberg, 1990 ) probably limited its role as a source of cordage during the twentieth century.
Future prospects
The future for lime bast cordage is uncertain. The craft is still maintained by some older traditional farmers in the fjords of western Norway, where cordage is sold for about €14 per metre ( Nedkvitne and Gjerdåker, 1997 ) . This demand is partly due to the increased interest in traditional wooden vessels where bast cordage is used for mooring.
Manufacturers are not able to meet the present market demand, and younger people are learning the craft and preparing to take over the production (B. Hov, personal communication). Some cordage is also made at Hardanger Boat Preservation Centre, western Norway, out of public responsibility for the craft and as a trading commodity. But the number of producers is still limited and the market is small.
Possibly the best way to conserve and revitalize the craft is to increase the market for bast cordage as a niche product. Ecotourism is expected to increase rapidly over the next few decades ( Goodwin, 1996 ) ; and environmental considerations and awareness have brought about an increased interest in natural fi bres as disposal of polymers and composites is becoming an increasingly serious issue. This is in agreement with the 'life cycle' approach to material application, adopted by many European nations, which considers the full life span of a material ( Ruys et al ., 2002 ) . Lime bast is renewable, does not pose a biohazard and is biodegradable. It also has a low weight and extensibility compared with polymers, such as nylon ( Table 1 ) . For the lime tree itself there is an additional argument: conservation of the genetic resources of the species, which is at the most northern point of its distribution in Norway. Due to climatic constraints lime has limited regeneration from seed in northern Europe ( Pigott and Huntley, 1978 ; Salvesen, 1996 ) . Increased use and cultivation of lime trees for manufacture of bast cordage would help to maintain the distribution and hence the genetic variation that exists across geographic and climatic gradients of the species ( Eriksson, 2001 ; Myking, 2002 ) . To establish a suffi ciently large and stable demand that can safeguard the craft, there is a need to advertise the product in magazines and to maritime societies and organizations where it can fi nd potential users. The craft will still be restricted by laborious manufacture and will rely on the idealism of individuals, unless the demand and economic incentives, promote technological advances in the production of lime bast cordage.
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